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Description 

This invention relates to an FRP pipe having a threaded end section at one end or at both ends. More 
particularly, it relates to a threaded FRP pipe which has male threads or female threads or both and which 
5 is suitable for use as piping, tubing, and casing employed in high-pressure environments such as casing or 
tubing for the production of oil or gas, pipeline for transporting crude oil or natural gas. and piping in various 
plants. 

The tenn "FRP" as used herein means fiber-reinforced plastics including not only plastics reinforced 
with glass fibers but also those reinforced with other inorganic or organic reinforcing fibers. 

10 FRP pipes are lighter than steel pipes but have high strength and excellent conrosion resistance. In view 
of these properties. FRP pipes find a wide variety of applications, and in particular are widely used in 
corrosive environments. For example, they are used as piping in chemical plants and piping for feeding hot 
spring water or sea water, as well as casing or tubing for the production of oil or gas and pipeline for 
transporting crude oil or natural gas. 

75 The most important and difficult facet of piping from a technical viewpoint is joints. This holds true for 
piping using FRP pipes. 

Joints which are presently used to join FRP pipes include adhesive-type insertion joints in which FRP 
pipes inserted therein are bonded with an adhesive, flange joints, threaded joints, and various mechanical 
joints. Of these, adhesive-type insertion joints are most widely used to join FRP pipes, but they are 
20 designed for use in piping to which a relatively low pressure, e.g.. 50 kgf/cm^ or lower, is applied. 

For high-pressure piping to which a high pressure, e.g.. on the order of 1,000 psi (70 kgf/cm^) or higher 
is applied, threaded joints, particularly those prescribed in the specifications of the American Petroleum 
Institute (API), are widely employed. 

FRP pipes for use in high-pressure piping such as crude oil pipelines and oil well tubing are usually 
25 produced by the filament winding (hereinafter abbreviated as FW) method. The FW method involves 
impregnating a bundle of continuous filaments (roving) with a resin (generally a themnosetting resin) and 
winding the impregnated filaments onto a mandrel under tension. After the resin Is cured, the mandrel is 
extracted leaving a formed FRP pipe. 

In the production of an FRP pipe by the FW method, a threaded end section sen/ing as a threaded joint 
30 with female (internal) threads can be formed by preparing a mandrel having a threaded end section with 
male (external) threads which mate with the female threads to be formed in the pipe and winding filaments 
onto the mandrel along its entire length including the threaded end section according to the usual FW 
method. 

In this case, the filaments are not severed, so it is estimated that the desired high strength can be 
35 maintained in the female-threaded joint section. However, it is known that the strength properties of the joint 
section are largely influenced by the winding angle of the filaments. Rg. 1 shows the relationship between 
tensile strength of an FRP pipe produced by the FW method and winding angle of filaments with respect to 
the longitudinal axis of the pipe for various types of filaments. As can be seen from Rg. 1, the tensile 
strength of an FRP pipe rapidly decreases when the winding angle of filaments exceeds ±15*. Therefore, 
40 in order to improve the tensile strength of an FRP pipe, it is desirable that the winding angle be in the range 
of 01 15'. 

However, when the FW method conventionally employed in the production of high-pressure FRP pipe is 
merely applied to the formation of a female-threaded joint section of an FRP pipe, the filaments are wound 
along the thread grooves of the male threads of the mandrel at a winding angle close to 90* with respect to 
45 the longitudinal axis of the pipe. Therefore, there was a problem in the prior-art FRP pipe with a female- 
threaded joint section that if a high internal pressure is applied to the joint section, the female threads with 
approximately 90* -wound filaments are susceptible to cracking due to the component of stress acting in 
the axial direction. 

In order to cope with the problem, a double winding technique is disctosed in Japanese Patent 
50 Application Kokai Nos. 56-44625(1981) and 58-45925(1983) in v^ich filaments are wound onto the 
corresponding-male thread portion of a mandrel initially at an angle between 0* and 30* to the longitudinal 
axis and subsequently at an angle close to 90* to the axis such that the initially-wound filaments are 
tightened by the subsequently-wound filaments and forced to descend into the thread grooves of the 
mandrel. 

55 However, when this double-winding technique is used to form female threads in an FRP pipe having a 
small thread pitch which is encountered in a threaded pipe joint for oil-well tubing such as a round threaded 
pipe joint prescribed by API Specification 5B which has 8 or 10 rounds of thread per inch, the initially- 
wound filaments which are tightened by the subsequently-wound filaments cannot be deflected sufTiciently 
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to come into contact with the thread grooves of the mandrel due to the rigidity of the filaments. As a results. 

voids are frequently formed in the thread grooves, leading to an Imperfect shape or contour of the resulting 

threaded joint section of the pipe. 

For this reason, the double winding method disclosed in the above-identified Japanese applications is 
5 not applicable to the production of a female-threaded joint of high precision, such as for oil-well tubing 

which has strict specifications with respect to shape and precision in view of the necessity of maintaining a 

high degree of seal tightness. 

On the other hand, male threads are ordinarily formed In an end section of an FRP pipe by machining 

the periphery of the pipe in that section after the FRP pipe has been formed by the FW method. Since part 
10 of the filaments in the threaded portion are severed by machining, it is difficult to form a male-threaded end 

section having satisfactorily high strength. 

A pipe joint is subject to a tensile force in the axial direction in addition to the internal pressure of the 

fluid flowing through the pipe. Rupture of a threaded pipe joint caused by an axial tensile force occurs In 

the form of a shear failure in a thread groove. Therefore, in order to provide a threaded pipe joint having 
75 high strength against rupture, it is necessary to strengthen the threaded section against a shearing force in 

the axial direction. For this purpose it is effective in an FRP pipe joint produced by the FW method to orient 

the filaments in the radial direction (in the direction of wall thickness), thereby increasing the intertaminar 

shear strength. 

Japanese Patent Application Kokai No. 60-11345(1985) discloses a high-strength male thread prepared 
20 from a number of resin-impregnated woven tapes having a width smaller than the diameter of the threaded 
body. The tapes are gathered and formed into a round rod by means of pultrusion. i.e.. drawing them 
together through a circular die and the resultling rod is then machined to produce male threads on the 

periphery of the rod. This technique provides male threads having improved axial strength due to the fact 
that some of the fibers in the weft of the tape are oriented in the radial direction. However, it is directed at 
25 male threads on an FRP solid rod formed by pultrusion and it cannot t>e applied to those on an FRP pipe 
which is formed by filament winding. 

Japanese Patent Application Kokai No. 63-242523(1988) disctoses an FRP pipe with a male-threaded 
end section in which the male threads are formed by wrapping a layer of a resin-impregnated, three- , 
dimensionally woven fabric of reinforcing fit)ers over the outer periphery of the pipe in an end section 
30 thereof and after curing the resin, machining the layer so as to form male threads. 

The three-dimensionally woven fabric has vertically-extending Hbers across the thickness of the fabric, 
so the vertically-extending fibers remaining after machining are oriented in the radial direction and 
contribute to an increase in the interiaminar shear strength (axial strength) of the resulting male threads. 
However, three-dimensionally woven fabric is expensive and adds to the production costs of an FRP pipe 
35 joint incorporating the fabric, which prevents wide use of such joints. 

US-A-3 291 881 also discloses an FRP pipe with a threaded end joint section. 
It Is an object of the present invention to provide an FRP pipe with a threaded joint section at one or 
both ends thereof in which the threaded joint section has satisfactorily high strength. 

Another object of the present invention is to provide an FRP pipe with a female-threaded end joint 
40 section which withstands high internal pressure without formation of cracks and which can provide a high 
degree of seal tightness. 

A further object of the present invention is to provide an inexpensive FRP pipe with a male-threaded 
end Joint section which has a high shear strength and a process for the production of the same. 

In one aspect, the present invention is an FRP pipe with a threaded joint section at one or both ends 
45 wherein the end joint section of the pipe has female threads which comprise, from the radial innermost 
portion along the height of the threads, a first resin layer, a second fiber-reinforced resin layer having 
continuous filaments extending at an angle of 0 ± 15* to the tongitudinal axis of the pipe, and a third fiber- 
reinforced resin layer having continuous filaments extending at an angle of i 85 * to 90 * to the longitudinal 
axis. Preferably the first resin layer contains a filler for thickening the resin in the layer and/or a web of short 
50 fibers impregnated with the resin for preventing the resulting female threads from hair cracking. 

In another aspect, Uie present invention is an FRP pipe with a threaded joint section at one or both 
ends wherein the end joint section of the pipe has male threads which comprise short fit)ers flocked in the 
radial direction on an FRP substrate layer and impregnated with a resin. 

The male threads can be formed on an FRP substrate, pipe as an inner layer prepared by the FW 
55 method by a process which comprises attaching short fibers uprightly in the radial direction to the outer 
periphery of at least one end section of the substrate pipe by means of electrostatic flocking, impregnating 
the fibers with a resin to form a resin-impregnated flocked layer on the substrate pipe, and after the resin is 
cured, machining the resin-impregnated flocked layer to form male threads. 
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In a further aspect, the present invention is an FRP pipe having the above-mentioned female threads in 
a threaded joint section at one end and the al>ove-mentioned male threads in a threaded jant section at the 
other end. 

In an FRP pipe of the present invention, the reinforcing fibers or filaments incorporated in the threaded 
5 end section and the remaining pipe body may be inorganic fibers or filaments such as glass fibers or 
filaments, carbon fibers or filaments, ceramic fibers or filaments, and metal fibers or filaments, as well as 
organic reinforcing fibers or filaments, e.g.. those of an aramide resin such as Kevlar (registered trademark 
of du Pont). In the following description, reference is mainly made to glass fibers or filaments which are 
most widely used as reinforcement for FRP. 
10 The present invention will be described in detail with reference to the accompanying drawings, in which 
Fig. 1 is a graph showing the relationship between tensile strength of an FRP pipe produced by the FW 
method and winding angle of filaments for various types of filaments; 

Fig. 2 schematically shows a cross-section of a typical female thread of an FRP pipe according to the 

present invention; 

T5 Figs. 3 and 4 schematically show the upper-half of longitudinal cross-sections of end joint sections of 
FRP pipes of the present invention before male threads are formed by machining; 
Fig. 5 shows the upper-half of a longitudinal profile of an end joint section of a mandrel used in an 
example to form a female-threaded joint section of an FRP pipe; and 

Figs. 6(a) and 6(b) show a longitudinal profile of a male^hreaded end section of an FRP pipe fabricated 
20 in an example and the contour of the resulting mate threads, respectively. 

Fig. 2 shows a cross-section of a typical female thread fomned in an end joint section of a female- 
threaded FRP pipe of the present invention. 
An inner female-threaded portion A is formed on the internal surface of an outer body portion B. Each 
of female threads Al has a three layer structure of. from the radial innermost portion along the height of the 
25 thread, a first resin layer 1 , a second fiber-reinforced resin layer 2 having continuous filaments extending at 
an angle of 0 t 15- to the longitudinal axis of the pipe (hereinafter refen-ed to as an axial winding layer), 
and a third fiber-reinforced resin layer 3 having continuous filaments extending at an angle of ± 85* to 90* 
to the longitudinal axis (hereinafter refenred to as a circumferential winding layer). 

The female-threaded portion A may be formed, for example, by applying a thennosetting resin to a 
30 threaded end section of a mandrel having male threads mating with the female threads to be formed to 
form the first resin layer, winding or otherwise wrapping resin-impregnated continuous filaments over the 
resin layer at a winding angle of 0 ± 15* to the longitudinal axis of the pipe to form the axial winding layer, 
and winding additional resin-impregnated continuous filaments over the axial winding layer at a winding 
angle of ± 85* to 90* to the longitudinal axis to form the circumferential winding layer. 
35 The resulting female-threaded portion A has the above-mentioned three-layered structure in each thread 
Al. The resin is substantially excluded from each thread groove A2 between adjacent threads Al during 
filament winding. Therefore, thread grooves A2 consist substantially of the remaining two layers, axial 
winding layer 2 and circumferential winding layer 3. 

In each female thread Al of the threaded portion A, the resin layer 1 has a desired complete thread 
40 contour which mates with the contour of the corresponding thread groove on the mandrel. In contrast, the 
axial winding layer 2 does not have such a contour. Therefore, if the resin layer is omitted, a void will be 
formed at the innermost top of the thread, resulting in the formation of an incomplete thread contour. 

Thus, the resin layer 1 serves to form a thread Al of the female-threaded portion A with a complete 
thread contour, thereby providing the joint section with a high degree of seal tightness. The axial winding 
45 layer 2 which is forced to deflect into the resin layer 1 as mentioned below increases strength in the 
longitudinal direction of the entire female-threaded portion A including the resin layer 1. The circumferential 
winding layer 3 wound over the axial winding layer 2 forces the filaments in the axial winding layer 2 to 
deflect into the resin layer 1, thereby improving the formability of the resin layer 1 and the strength of the 
female-threaded portion A. 

50 The resin layer 1 can be formed from a thermosetting resin. Suitable thermosetting resins include an 
epoxy resin, a polyester resin, and a vinyl ester resin, all of which are conventionally used in FRP products. 

The resin used to form the resin layer 1 has to be retained in the thread grooves of a mandrel. A resin 
having a low viscosity or high fluidity will readily flow out of the thread grooves of the mandrel and make it 
difficult to form the desired resin layer 1. A resin generally employed in the FW method has a viscosity of 
55 at most 1000 cps. When such a resin is applied to threads of the mandrel, it will readily ftow out of the 
thread grooves without retention therein. 

Therefore, it is desirable that the resin in the first layer have an increased retention by thickening the 
resin. The resin can be thickened by adding a filler to the resin in an amount sufficient to thicken the resin 
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or to afford thixotropic properties thereto. Suitable fillers include a finely divided or fumed silica powder 
having a particle diameter of not greater than 20 urn, as well as powder of calcium cart)onate. magnesium 
silicate, and the like. It is generally preferred that the amount of the filler added be at most 30% by weight 
based on the resin, since a higher amount will increase the viscosity of the resin to such a degree that the 

5 ease of application of the resin is significantly degraded. Of course, when the resin used has a viscosity 
sufficient for retention in thread grooves, it can be used as it is without thickening. 

The first resin layer 1 may contain a web of short fibers by impregnating the web with the resin in the 
layer in order to prevent the female threads from cracking, particularly hair cracking. A suitable web is glass 
mat comprised of short glass fibers. The resin-impregnated web is wourul onto the threaded section of a 

10 mandrel. 

Moreover, the resin layer may contain both the filler and the web of short fit)ers. Such a resin layer can 
be formed, for example, by initially applying a filler-containing thickened resin to a mate-threaded end 
section of a mandrel and then winding a resin-impregnated glass mat over the coated resin in that section. 
In such cases, the retention of the resin is further increased while the resulting female threads are 
15 prevented from hair cracking. 

The axial winding layer 2 which overlies the resin layer 1 can be formed, for example, by impregnating 
a unidirectional flat glass roving (which is a flat bundle of aligned continuous glass filaments) with a resin 
and wrapping the impregnated flat roving one or more times without tension over the uncured resin applied 
to the end joint section for forming resin layer 1 in such a manner that the filaments in the roving extend at 
20 an angle of 0 ± 15* to the longitudinal axis of the mandrel. Also a unidirectional prepreg may be used to 
form the axial winding layer 2. 

Less preferably, the axial winding layer 2 can be formed by the FW method using an ordinary resin- 
impregnated glass roving. In this case, the roving may be wound along the entire length of the mandrel 
under tension. However, due to the tension, it is more difficult to force the roving to deflect into the resin 
25 layer during the subsequent circumferential winding. 

If the angle of the filaments extending in the axial winding layer 2 exceeds ±15*. the axial strength of 
the female-threaded portion A wilt be decreased such that cracking in the female-threaded portion A may 
occur when a high internal pressure is applied to the joint section. 

The circumferential winding layer 3 which overlies the axial winding layer 2 can be formed by winding a 
30 glass roving at a winding angle of ±85 * to 90 • under tension by the FW method, since a main purpose of 
the circumferential winding is to force the underlying axially-extending filaments to deflect into the thread 
grooves of the mandrel. 

If the angle of filaments extending in the circumferential winding layer 3 is less than ±85 • . the axially- 
extending filaments for forming layer 2 will not be deflected significantly into the thread grooves of the 
35 mandrel. In this case, intrusion of the axial winding layer 2 into the resin layer 1 does not take place 
sufficiently, leading to incomplete shaping of the resin layer 1 and insufficient strength of the female- 
threaded portion. 

Each thread A1 of the female-threaded portion A should have the three-layered structure consisting of 
resin layer 1, axial winding layer 2, and circumferential winding layer 3. The structure and the method of 

40 formation of the remaining areas of the threaded portion A are not critical as long as they are made of an 
FRP. For example, each thread groove A2 of the threaded portion A may consist of two layers of axial 
winding layer 2 and circumferential winding layer 3. Similarly, the structure and the method of forming the 
pipe t>ody portions of the FRP pipe including the outer body portion B on the outer periphery of the female- 
threaded portion A in the end threaded joint section and the pipe wall in the remaining section of the pipe 

45 can be selected suitably so that these portions will withstand external and internal pressures applied to the 
pipe in use. 

f^g. 3 shows the upper half of a longitudinal cross-section of an end joint section of an FRP pipe of the 
present invention In which male threads are to be formed by machining. 

An end section C of the FRP pipe in which male threads are to be formed has two layers comprising a 
50 thin filament-wound (FW) inner layer 10 and a resin-impregnated. radialiy-fk)cked outer layer 20. The male 
threads D are fonned so as to extend substantially along the length of the flocked layer 20 by machining. 
The remaining section other than end section C is comprised solely of an FW layer 10. 

Rg. 4 shows the upp^r half of a longitudinal cross-section of an end joint section of an FRP pipe in 
another embodiment of the invention. An end section C of the FRP pipe in which male threads are to be 
55 -formed has three layers: two FW layers 10, 10 and a resin-impregnated, radially-flocked intermediate layer 
20 sandwiched between the two layers. Male threads D are formed by machining so as to extend 
substantially along the length of the intermediate flocked layer 20. 
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The inner FW layer 10 constitutes an FRP substrate layer on which the resin-impregnated, radially 
flocked outer layer 20 is formed. The outer flocked layer 20 comprises short fit>ers or flocks which are 
substantially aligned uprightly in the direction of wall thickness, i.e., in the radial direction and it constitutes 
an outer layer in which male threads are to be formed in an end section of the FRP pipe. Thus, the end 
5 section is reinforced by the inner FW layer 10. and the radial or upright alignment of flocks in the direction 
of wall thickness in the outer layer ensures that the male threads fomned by machining in the outer layer 
withstand high interlaminar shear force, thereby providing the joint section with improved strength against 
tension in the axial direction. 

The flocked layer 20 can be readily formed, for example, by electrostatic flocking onto the underlying 
10 FW layer 10 which is a substrate pipe prepared by a conventional FW method. In the electrostatic flocking 
method, short fibers or flocks which have been negatively charged by applying high voltage thereto are 
uprightly attached to a grounded substrate pipe (inner FW layer 10) by the action of static electricity. The 
flocked fibers are then impregnated with a thermosetting resin and the resin is cured, resulting in the 
formation of the resin-impregnated, radially flocked layer 20. 
15 Preferably the short fibers used in the flocked layer 20 have a length in the range of from approximately 
1 mm to approximately 3 mm and they are formed from an inorganic material such as glass. cart>on, or 
ceramic, or from an organic material such as a potyamide. a polypropylene, or a polyester. 

The resin used for impregnation is preferably a thermosetting resin such as an epoxy. polyester, vinyl 
ester, or jphenollc resin. More preferably the resin- Is of the rapid-setting type, since a long setting time 
20 requires a prolonged operation time, leading to an increase in production costs. 

From the viewpoint of rapid setting, the most preferable curing method is curing by irradiation, i.e.. 
photo-setting, using a resin such as an unsaturated polyester resin or a vinyl ester resin. The photo-setting 
can be completed, for example, by irradiating with visible rays (400 - 500 nm in wavelength) having an 
intensity of 20 - 30 mW/cm^ for 2 - 7 minutes. Apart from photo-setting, it is also advantageous to shorten 
25 the setting time by heat setting or by addition of a curing agent. 

The flocked layer 20 has a thickness sufficient to form the male threads 20 within the layer. However, if 
the thickness of the flocked layer 20 is increased too much, the thickness of the inner FW layer 10 will be 
decreased correspondingly and it is difficult to obtain a strength level desired for an FRP pipe. For this 
reason, it is not desirable that the flocked layer 20 have a thickness greater than 50% of the wall thickness 
30 of the pipe. 

After the resin in the flocked layer 20 located in an end joint section is cured, the FW method is applied 
to the remaining section which does not serve as a joint so as to form an additional FW layer having neariy 
the same thickness as the flocked layer along the overall length of the remaining section, as shown in Fig. 
3. Thereafter, male threads are machined so as to extend along the length of the flocked layer. 

35 Alternatively, as shown in Rg. 4. the additional FW layer 10 may be extended so as to completely or 
partially overiay or cover the flocked layer 20. In this case, the portion of the additional FW layer 10 
overlying the flocked layer 20 may be thinner than the remaining portion thereof. By extending the 
additional FW layer in this manner, after male threads D are formed by machining so as to extend along the 
length of the flocked layer 20 wKh a slight taper, the formation of a discontinuity between the FW layer 10 

40 and the flocked layer 20 on the surface of the male threads is avoided, thereby further increasing the 
strength of the male-threaded end section C. 

When the flocked layer 20 is overlaid with the additional upper FW layer 10 as shown in Fig. 4. the 
additional FW layer 10 should be formed after the impregnated resin in the flocked layer 20 has been 
cured. If the FW method is applied to the flocked layer 20 before curing, the uprightly fk)cked fibers in the 

45 layer are compressed and the radial alignment of the fibers is lost. 

The FW layer 10 can be formed in a conventional manner. The method and materials used to form the 
FW layer 10 are not critical and can be selected so as to form an FRP pipe wiUistanding internal and 
external pressures which will be imposed on the pipe in use. 

The FRP pipe according to the present invention may have either ttie above-mentioned female-threaded 

50 or male-threaded end joint section at one or botii ends. Altematively, it may have the female-threaded end 
joint section at one end and the male-threaded end joint section at the either end. 

The FRP pipe having a female-threaded and/or male-ttireaded end joint section according to the 
invention has improved strength in the joint section. More specifically, the strength of the female threads is 
improved by the intemiediate axial winding layer, thereby providing the female tiireads with increased 

55 resistance to breakage. In addition, the formed threads maintain a complete contour even if the thread pitch 
is fine, tiiereby providing the joint section with a high degree of seal tightness and increasing the pressure 
resistance. The mate threads have a significantiy improved axial tensile strength and can be formed readily 
and inexpensively. The FRP pipe can be used in a wide variety of applications and. in particular, it is useful 
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as an oil well pipe or similar pipe which must have a high degree of seal tightness in the joint section. 

The following examples are presented as specific illustrations of the claimed invention. It should be 
understood that the invention is not limited to the specific details set forth in the examples. 

5 EXAMPLE 1 

A 2-7/8" oil well FRP pipe measuring 62 mm (inner diameter) x 8.8 mm (wall thickness) in the l)ody 
section and having a female-threaded end joint section according to API specification 5B (2-7/8", 8 rounds 
per inch, EUE long) at one end was fabricated using a mandrel E having an end section with the profile 

10 shown in Fig. 5 to form the female-threaded section. The mandrel E had a recessed, tapered section at one 
end and the outer p)eriphery of the end section of the mandrel was fitted with a separate male-threaded 
cylindrical mold F to form female threads in the resulting FRP pipe. A bisphpenol-based epoxy resin 
(Epikote 828, a tradename of Yuka Shell Epoxy) which contained 80 parts by weight of an acid anhydride- 
type curing agent (HN-2200, a tradename of Hitachi Chemical) for each 100 parts by weight of the epoxy 

75 resin was used as a matrix resin. 

The overall outer surface of the male-threaded mold F which was fitted around the end section of the 
mandrel was coated with the epoxy resin to fonn a resin layer. Prior to coating, the epoxy resin was 
thickened by addition of 2% by weight of fumed silica (Cab-O-sil. a tradename of Cabot) followed by 
thorough mixing. A flat unidirectional glass roving (575TEX, a tradename of Nitto Boseki, 16 Pieces per 

20 inch) was then impregnated with the epoxy resin (unthickened) and axially wrapped twice without tension at 
a winding angle of 0* to the longitudinal axis of the mandrel over the resin-coated, male-threaded mold to 
form an axial winding layer. Subsequently, a common glass roving (Glasslon, a tradename of Asahi 
Fiberglass, 20 P/in) was impregnated with the epoxy resin and circumferentlally wound over the axial 
winding layer by the FW method under tension at a winding angle of ±85* until a 1 mm-thick circumferen- 

25 tial winding layer was formed. Thereafter, the same impregnated glass roving as used in the circumferential 
winding was wound according to a conventional FW method along the entire length of the mandrel to a 
thickness of 8.8 mm to form the pipe body. After the filament-wound mandrel was heated for 4 hours at 
150*C to cure the resin, the threaded mold and the mandrel were extracted to give, an FRP pipe with a 
female-threaded end section. 

30 

EXAMPLE 2 

An FRP pipe having a female-threaded joint section at one end was fabricated in the same manner as 
described in Example 1 except that the epoxy resin thickened with fumed silica used to form the first resin 
35 layer was replaced by a glass mat (CM 400, a tradename of Asahi Fiberglass) impregnated with the epoxy 
resin. The impregnated glass mat was wound once around the male-threaded mold to form the resin layer. 

EXAMPLE 3 

40 An FRP pipe having a female-threaded joint section at one end was fabricated in the same manner as 
described in Example 1 except that after the epoxy resin thickened with fumed silica was applied to the 
outer surface of the male-threaded mold in one end section of the mandrel, the same resin-impregnated 
glass mat as used in Example 2 was wound around the resin-coated, male-threaded mold to iotm the first 
resin layer. 

45 

COMPARATIVE EXAMPLE 1 

An FRP pipe having a female-threaded joint section at one end was fabricated in the same manner as 
described in Example 1 except that the axial winding with a flat unidirectional glass roving was eliminated. 

50 

COMPARATIVE EXAMPLE 2 

An FRP pipe having a female-threaded joint section at one end was fabricated in the same manr^r as 
described in Example 1 except that the initial coating of the male-threaded mold with a thickened epoxy 
55 resin was eliminated. 

The FRP pipes fabricated in the preceding examples and comparative examples were examined with 
respect to the thread contour of the female threads formed therein. In a separate test, each of these FRP 
pipes was connected to another FRP pipe having an end joint section with mating male threads and the 
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joint of the resulting connected pipe was subjected to a hydraulic pressure test. The results are shown in 
Tablet. 

As can be seen from Table 1, FRP pipes having female threads which comprise a resin layer and an 
axial winding layer according to the present invention have a good thread contour stably with no decrease 
5 in their resistance to water pressure. 

TABLE 1 



Example No. 


Thread Contour 


Hydraulic Pressure Test 


Leakage pressure 


Cracking 


Example 1 


Good 


400 kgf/cm2 


None 


Example 2 


Good 


400 kgf/cm2 


None 


Example 3 


Good 


420 kgf/cm2 


None 


Comparative Example 1 


Good 


260 kgf/cm2 


Cracked 


Comparative Example 2 


Poor (defective contour) 


50 kgf/cm2 


None 



20 EXAMPLE 4 

A 3-1/2" oil well FRP pipe having the profile shown in Fig. 6(a) and measuring 76 mm (inner diameter) 
x 9.625 mm (wall thickness) in the body section and having a male-threaded end joint section according to 
API specification 5B (3-1/2-. 8 rounds per inch, EUE long) at one end was fabricated. 
25 In this and subsequent examples, filament winding to form a pipe was performed using glass rovings 
(Glasslon, a tradename of Asahi Fiberglass) and they were impregnated prior to use with the same curing 
agent-containing epoxy resin as used In Example 1. 

First, a 5 mm-thick FRP substrate pipe was fomied as an inner FW layer of the desired pipe by the FW 
method using a mandrel for the formation of a straight pipe having an outer diameter of 76 mm (2.992 
30 inches). 

Thereafter, electrostatic flocking was performed on the outer periphery of a 80 mm-long end section of 
the FRP substrate pipe in which male threads were to be formed. A static flocking machine (EROFLOCK. 
model BG 1978-7001, manufactured by Ernst Roederstein) was used at a voltage of 80 kV, The flocks used 
were glass short fibers measuring 13 um in diameter and 2 mm in length. Subsequently, the flocked fibers 

35 were impregnated with a vinyl ester resin (Ripoxy R01, a tradename of Showa High-Polymer) which 
contained a photo-setting agent (VLC-1. VLC-2, a tradename of Nippon Oil and Fats) and were then 
irradiated with light from a tungsten lamp having an intensity of 30 mW/cm^ for 2 minutes to cure the resin. 
The resulting resin-impregnated, radially flocked layer had a thickness of 4 mm. 

Thereafter, an outer FRP layer was formed to a thickness of 4.6 mm by the FW method along the entire 

40 length of the pipe. Finally, male threads having the contour shown in Fig. 6(b) were formed in the end 
section containing the resin-impregnated flocked layer by machining. The machining exposed the resin- 
impregnated fk>cked layer on the outer periphery of the male-threaded end section of the pipe as shown in 
Fig. 4. 

45 EXAMPLE 5 

An FRP pipe with a male-threaded end section was fabricated in the same manner as described in 
Example 4 except that the flocked fibers used were 2 mm-long polyamide fibers having a diameter of 20 
um. 

so 

EXAMPLE 6 

An FRP pipe with a male-threaded end section was fabricated in the same manner as described in 
Example 4 except that the vinyl ester resin used for impregnation of the flocked glass fibers contained 0.5 
55 phr- of cobalt naphthenate and 1.0 phr of methyl ethyl ketone peroxide as curing agents and that it was 
thermally cured by heating with hot air (90* C x 20 minutes). 
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EXAMPLE 7 

An FRP pipe with a male-threaded end section was fabricated in the same manner as described in 
Example 4 except that a 4.6 mm-thtck resin-impregnated, radially flocked layer was the outermost layer 
5 prior to machining. I.e., the outer FW layer was omitted, as shown in Fig. 3. 

COMPARATIVE EXAMPLE 3 

An FRP pipe with a mate>threaded end section was fabricated in the same manner as descril>ed in 
TO Example 4 except that the end joint section of the pipe was formed solely by the FW method in the same 
manner as the remaining pipe tx>dy section. Le. without fonming the Intermediate resin-impregnated flocked 
layer. 

COMPARATIVE EXAMPLE 4 

75 

An FRP pipe with a male-threaded end section was fabricated in the same manner as described in 
Example 4 except that the electrostatically flocked glass fibers were not impregnated with a resin. 

The male-threaded end joint sections of the FRP pipes fabricated in Examples 4 to 7 and Comparative 
Examples 3 and 4 were evaluated by an axial tensile test. The test was performed under a torque of 25 kg- 
20 m using a thread compound (LOR-105 manufactured by OCR in U.S.A.). The results are shown In Table 2 
below. The average shear strength was calculated by dividing the average value for tensile strength at 
breakage (breaking strength) by the cross-sectional area of the male-threaded portion. 

TABLE 2 

25 



Example No. 


Breaking Strength (ton) 


Average Shear Strength (kgf/mm^ 


Example 4 


53.2 


3,34 


Example 5 


48.7 


3.06 


Example 6 


50.3 


3.16 


Example 7 


46.8 


2.94 


Comparative Example 3 


26.2 


1.65 


Comparative Example 4 


25.3 


1.59 



As is apparent from Table 2, the male-threaded joint section of the FRP pipe according to the present 
invention exhibited significantly improved axial strength. 

Although the Invention has been described with preferred embodiments, it is to be understood that 
variations and modifications may be employed without departing from the scope of the invention as defined 
in the following claims. 

Claims 

1. A fiber-reinforced plastic pipe with a threaded joint section at one or both ends wherein the end joint 
section of the pipe has female threads (A1) which comprise, from the radial innermost portion thereof 
along the heights of the threads (A1), a first resin layer (1). a second fiber-reinforced resin layer (2) 
having continuous filaments extending at an angle of 0 ± 15* to the longitudinal axis of the pipe, and a 
third fiber-reinforced resin layer (3) having continuous filaments extending at an angle of ± 85 * to 90 * 
to the longitudinal axis. 

2. The fiber-reinforced plastic pipe as defined in claim 1 wherein the continuous filaments in the fiber- 
reinforced resin layers (2. 3) are selected from glass filaments, cartxm filaments, ceramic filaments. 
. metal filaments, and reinforcing organic filaments. 

3. The fiber-reinforced plastic pipe as defined in claim 1 or 2 wherein the resin in the first resin layer (1) 
contains a filler selected from finely-divided or fumed silica powder, calcium cartx)nate powder, and 
magnesium silicate powder, and/or glass mat of short glass fibers impregnated with the resin in the 
layer. 
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4. A fiber-reinforced plastic pipe with a threaded joint section at one or both ends wherein the end joint 
section (C) of the pipe has male threads (D) which comprise short fibers fiocked in the radial direction 
on a fiber-reinforced plastic substrate layer (10) and impregnated wrth a resin. 

5 5. The ftber-reinforced plastic pipe as defined in claim 4 wherein the short fit»ers are selected from glass 
fibers, carbon fibers, ceramic fibers, and organic resin fibers. 

6. The fiber-reinforced plastic pipe as defined in claim 4 or 5 wherein the impregnated resin contains a 
photo-setting agent. 

10 

7. The fiber-reinforced plastic pipe as defined In any one of claims 4 to 6 wherein the short fibers are 
flocked by electrostatic flocking. 

8. A process for producing a fiber-reinforced plastic pipe with a male-threaded joint section at one or both 
15 ends, which comprises preparing a substrate fiber-reinforced plastic pipe, attaching short fibers 

uprightly in the radial direction to the outer periphery of at least one end section (C) of the substrate 
pipe by means of electrostatic flocking, impregnating the fibers with a resin to form a resin-impregnated 
flocked layer (20) on the substrate pipe, and after the resin is cured, machining the resin-impregnated 
- flocked layer to form male threads (0). • 

20 

9. The process as defined in claim 8 which further comprises forming an additional fiber-reinforced plastic 
layer (1 0) as the outermost layer after the impregnated resin in the flocked layer (20) is cured. 

10. A fiber-reinforced plastic pipe having a threaded joint section at both ends, wherein the joint section of 
25 the pipe at one end has female threads (A1) which comprise, from the radial innermost portion thereof 

along the heights of the threads (A1), a first resin layer (1), a second fiber-reinforced resin layer (2) 
having continuous filaments extending at an angle of 0 ± 15* to the longitudinal axis of the pipe, and a 
third fiber-reintorced resin layer (3) having continuous filaments extending at an angle of ± 85 • to 90 • 
to the longitudinal axis, and wherein the joint section of the pipe at the other end has male threads (D) 
30 which comprise short fibers flocked in the radial direction on a fiber-reinforced plastic substrate layer 
(10) and impregnated with a resin. 

PatentansprUche 

35 1. Faserverstarktes Kunststoffrohr mit einem Schraubverbindungsabschnitt an einem Oder beiden Enden, 
wobei der Endverbindungsabschnitt des Rohrs Innengewinde (A1) aufweist. welche von deren innersten 
Radialbereich entlang den Hohen der Gewinde (A1) eine erste Harzschicht (1), eine zweite faserver- 
starkte Harzschicht (2) mit kontinuierlichen RIamenten, welche sich in einem Winkel von 0 i 15" zur 
Langsachse des Rohrs erstrecken, und eine dritte faserverstarkte Harzschicht (3) mit kontinuierlichen 

40 Filamenten, welche sich in einem Winkel von ± 85 • bis 90 • zu der liingsache erstrecken, umfassen. 

2. Faserverstarktes Kunststoffrohr nach Anspruch 1. wobei die kontinuierlichen RIamente in den faserver- 
stSrkten Harzschichten (2, 3) aus Glasfilamenten. Kohlenstoffilamenten, Keramlkfilamenten. Metallfila- 
menten und verstarkenden organischen RIamenten gewahit sind. 

45 

3. Faserverstarktes Kunststoffrohr nach Anspruch 1 oder 2, wot>ei das Harz in der ersten Harzschicht (1) 
einen aus fein verteiltem Sllicapulver oder Kieseipuder. Calciumcart)onatpulver und Magnesiumsilikat- 
pulver gewShlten FQIIstoff und/oder eine mit dem Harz in der Schicht imprSgnierte Glasmatte aus 
Kurzglasfasern enthSIt 

50 

4. Faserverstarktes Kunststoffrohr mit einem Schraubverbindungsabschnitt an einem oder beiden Enden, 
wobei der Endverbindungsabschnitt (C) des Rohrs AuBengewinde (D) aufweist. welche in der Radial- 
richtung auf einer faserverst§rklen Kunststoffsubstratschicht (10) beflockte Kurzfasem umfassen und m'rt 
einem Harz impragniert sind. 

55 * 

5. Faserverstarktes Kunststoffrohr nach Anspruch 4, wobei die Kurzfasem aus Glasfasern. Kohlenstoffa- 
sem, Keramikfasem und organischen Harzfasem gewShtt sind. 
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6. Faserverstarktes Kunststoffrohr nach Anspmch 4 oder 5. wobei das impragnierte Harz ein Lichthar- 
tungsmitlei enthalt 

7. Faserverstarktes Kunststoffrohr nach mindestens einem der AnsprOche 4 bis 6, wobei die Kurzfasem 
durch etektrostatisches Beflocken beflockt worden sind. 

a Verfahren zur Herstellung eines faserverstarkten Kunststoffrohrs mit einem AuBengewinde-Verbindungs- 
abschnitt an einem oder beiden Enden, umfassend das Herstellen eines faserverstarkten Substrat- 
Kunststoffrohrs, Anbringen von Kurzfasern in aufrechter Weise in Radialrichtung am AuBenumfang 
mindestens eines Endabschnitls (C) des Substratrohrs mittels elektrostatischer Beflockung. Impragnie- 
ren der Fasem mit einem Harz zur Bildung einer harzimprSgnierten beflockten Schteht (20) auf dem 
Substratrohr und, nachdem das Harz gehSrtet ist. Bearbeiten der harzimprSgnierten beflockten Schicht 
zur Bildung von AuBengewinden (D). 

9. Verfahren nach Anspruch 8. umfassend weiterhin die Bildung einer zusatzlichen faserverstarkten 
Kunststoffschicht (10) als auBerste Schicht. nachdem das impragnierte Harz In der beflockten Schicht 
(20) gehartet Ist. 

10. Faserverstarktes Kunststoffrohr mit einem Schraubverbindungsabschnitt an beiden Enden. wobei der 
Verbindungsabschnitt des Rohrs an einem Ende Innengewinde (A1) aufweist. welche von deren 
innersten Radialbereich entlang den Hohen der Gewinde (A1) eine erste Harzschicht (1), eine zweite 
faserverstarkte Harzschicht (2) mit kontinuierlichen Filamenten, welche sich in einem Winkel von 0 ± 
15* zur Langsachse des Rohrs erstrecken, und eine dritte faserverstarkte Harzschicht (3) mit kontinu- 
ierlichen Filamenten. welche sich in einem Winkel von ± 85* bis 90* zu der Ungsache erstrecken. 
umfassen. und wobei der Verbindungsabschnitt des Rohrs an dem anderen Ende AuBengewinde (D) 
aufweist. welche Kurzfasem umfassen. die in der Radialrichtung auf einer faserverstarkten Kunststoff- 
substratschicht (10) beflockt und mit einem Harz impragniert sind. 

Revendications 

1. Tuyau en matiere plastique armee de fibres pourvu d'une partie filet^e de raccordement a une seule 
extr4mit6 ou aux deux extr^mit^s dans lequel la partie d'extr^mil^ de raccordement du tuyau possfede 
des filets femelles (A1) qui comportent. h partir de la portion de ces filets situ^e le plus h Tint^rieur 
dans le sens radial le long de la hauteur des filets (A1). une premiere couche (1) faite de risine, une 
seconds couche (2) faite de resine arm^e de fibres possedant des filaments continus qui s'etendent 
selon un angle de 0 ± 15* vis-^-vis de Taxe longitudinal du tuyau, et une troisieme couche (3) faite de 
resine armee de fibres possedant des filaments continus qui s*6tendent seton-un angle allant de ± 85* 
kQO* vis-a-vis de Taxe longitudinal. 

2. Tuyau en matiere plastique armee de fibres tel que diftni par la revendication 1 dans lequel les 
filaments continus situ^s dans les couches (2. 3) fattes de r§sine arm^e de fibres sont s6lectionn^s h 
partir de filaments de venre, de filaments de carbone. de filaments de c^ramique, de filaments de 
m^tal, et de filaments organiques de renforcement. 

3. Tuyau en matiere plastique arm^e de fibres tel que d^fini par la revendicafion 1 ou la revendication 2 
dans lequel la resine situ^e dans la premiere couche (1) faite de resine contient une charge de 
remplissage s6lectionn§e h partir de poudre de silice finement divis^e ou fumie . de poudre de 
carbonate de calcium, et de poudre de silicate de magnesium et/ou une natte de verre faite de courtes 
fibres de venre impr^gn^es de la resine situ6e dans la couche. 

4. Tuyau en matiere plastique arm^e de fibres pourvu d*une partie filet^e de raccordement ^ une seule 
extremity ou aux deux extr^m'rt^s dans lequel la partie d'extrdmH^ (C) de raccordement du tuyau 
poss^de des filets males (D) qui comportent des fibres courtes fk>cut§es dans la direction radiale sur 
une couche (10) en mati§re plastique arm^e de fibres formant substrat et impr^gr^es de resine. 

5. Tuyau en matiere plastique arm§e de fibres tel que difini par la revendication 4 dans lequel les fibres 
courtes sont s^lectionn^es ^ partir de fibres de verre, de fibres de carbone. de fibres de c^ramique. et 
de fibres de resine organique. 
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6. Tuyau en mattere plastique arm^e de fibres tei que d^fini par ia revendication 4 ou la revendication 5 
dans lequel la r^sine d'impr§gnation coritient un agent de photodurcissentent . 

7. Tuyau en mati^re plastique arm^e de fibres tel que d^finl dans Tune quelconque des revendications 4 
5 a 6 dans lequel les fibres courtes sent flocutees par une f loculatton ^lectrostatique. 

8. Proc6d§ de fabrication d'un tuyau en matl^re plastique arm^e de fibres pourvu d'une partie h filetage 
male de raccordement h une seute extr^mit^ ou aux deux extrdmrt^s, qui comporte la preparation d'un 
tuyau en matiere plastique arm^e de fibres formant substrat, la fixation de fibres cx)urtes dress6es dans 

10 la direction radiale sur ta p^rlphdrie ext^rieure d*au moins une partie (C) d'extr4mlt§ du tuyau formant 
substrat au moyen d'une floculation diectrostatique. Timpr^gnation des fik>res h raide d*une r6sine de 
fagon h constituer sur le tuyau formant substrat une couche (20) de pr^ipit^s impr^gn^s de r^sine. et 
apres que la r§slne a ^t§ durcie par s§chage, Tusinage de la couche de pr^cipites impr^gnes de r^sine 
de mani&re h constituer les filets mHles (D). 

15 

9. Proc^d^ tel que d^fini par ta revendication 8 qui comporte en outre la constitution d'une couche 
suppl6mentaire (10) en mati5re plastique arm6e de fibres comme couche le plus h I'ext^rieur apr^s 
que la r^slne d'impr^gnation situ^e dans la couche (20) de pr^cipit^s a ^t^ durcie par s^chage. 

20 10. Tuyau en mati&re plastique arm^e de fibres poss^dant une partie filet^e de raccordement h chacune 
des deux extrdmit^s. dans lequel la partie du tuyau de raccordement situ^e h une extremite poss^de 
des filets femelles (A1) qui comportent, S partir de la portion de ces filets situde le plus a Tint^rieur 
dans le sens radial le long de la hauteur des filets (A1), une premiere couche (1) faite de r§sine, une 
seconde couche (2) faite de r^sine arm^e de fibres poss^dant des filaments continus qui s'etendent 

25 selon un angle de O ± 15* vis-a-vts de Taxe longitudinal du tuyau, et une trotsi^me couche (3) faite de 
r^sine arm^e de fibres poss^dant des filaments continus qui s'^tendent selon un angle allant de ± 85 * 
h 90 * vis-^-vis de I'axe longitudinal et dans lequel la partie de raccordement du tuyau situ^e h fautre 
extremite poss^de des filets males (D) qui comportent des fibres courtes flocul^es dans la direction 
radiale sur une couche (10) en matiere plastique arm§e de fibres formant substrat et impregnees de 

30 r^sine. 
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Fig. 1 
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Fig, 3 
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